The effects of high spinal anesthesia on the general (1, 2), hepatic (3), and coronary (4) hemodynamics have been previously reported by our group. Because hypotension produced by high spinal anesthesia may be a potential hazard to the circulatory sufficiency of the brain, it was considered important to study the effects of high spinal anesthesia on the cerebral circulation and metabolism.
The effects of high spinal anesthesia on the general (1, 2), hepatic (3) , and coronary (4) hemodynamics have been previously reported by our group. Because hypotension produced by high spinal anesthesia may be a potential hazard to the circulatory sufficiency of the brain, it was considered important to study the effects of high spinal anesthesia on the cerebral circulation and metabolism.
Studies by others have been concerned with the effects of differential spinal block on the cerebral circulation of hypertensive individuals (5) and the effect of hypotensive drugs on the cerebral circulation of aged persons (6) and hypertensives (7) . The majority of patients in this study are normotensive, but the effects of high spinal anesthesia on a small group of hypertensives is included. The anesthetic level is higher and the amount of spinal anesthetic agent employed is larger than in studies reported by others, simulating the dosage used in producing surgical high spinal anesthesia, although surgical procedures were not undertaken in these subjects.
MATERIAL AND METHODS
Nineteen patients were selected from the medical wards. Of these, 15 were normotensive and free of cardiopulmonary disease, and 4 were hypertensive. Following an overnight fast and morning sedation (pentobarbital sodium, 0.1 Gm.) the patients were transported to the cardiovascular laboratory, where the ambient temperature was maintained between 23 and 24°C. In some instances a No. 6-8 F Goodale birds-eye catheter was introduced via a medial arm vein into the jugular bulb and the position of the tip checked repeatedly by fluoroscopic examination. In other instances direct puncture of the jugular 1 This work was done in part during the tenure of a Research Fellowship of the American Heart Association (Jerome Kleinerman (10) and arterial blood pH readings were obtained by use of the Cambridge glass electrode potentiometer at room temperature, and corrected to body temperature (11) . Values for pCO, were obtained from the nomogram of Singer and Hastings (12) . Glucose (13) , lactate (14) , and pyruvate (15) (5) in hypertensives.
The MABP in the normotensive group fell approximately 32 per cent from the control value while the hypertensives decreased to 50 per cent of the control value during the spinal anesthetic studies. During differential spinal block the mean blood pressure drop was 26 per cent in Kety's study. This difference undoubtedly is a reflection of the higher anesthetic level and greater anesthetic 290 dosage in the present study (above T4 with evidence of vascular dilatation in the upper extremities). The greatest absolute drop in MABP was obtained in the four hypertensive patients, but the absolute level of the MABP during spinal anesthesia in these hypertensives was no different than the arterial pressure level in the normotensives during spinal anesthesia. The greater decrease in arterial pressure in the four hypertensives as compared to the normotensives is consonant with the known greater reactivity of these patients to spinal anesthesia. Kety and his co-workers pointed to the correlation between the change in mean arterial blood pressure and the change in internal jugular oxygen content as evidence of inadequate cerebral circulatory homeostasis at the greater blood pressure drops. Our limited data in hypertensives corroborate this observation and suggest an inability of the hypertensive patients to obtain complete cerebral circulatory compensation during the severe hypotensive episodes. The arterial-jugular venous oxygen content in the hypertensives showed a consistent increase during the high spinal study, a finding which would be in keeping with a decreased cerebral blood flow if cerebral oxygen consumption is to be maintained.
It is of interest that the arterial lactate and arterial pyruvate levels showed a consistent increase during spinal anesthesia as compared to the prespinal values. Because our observations were numerically inadequate to evaluate these findings, we have combined the present data with those previously reported by our group in another facet of this study (4) . This compilation of material is reasonable since all determinations were performed by the same laboratory, using the same technique and methods. Table III indicates that there was a constant and statistically significant increase in the arterial lactate and pyruvate levels during high spinal anesthesia, when compared to the changes observed in the double control group. The arterial glucose and cerebral arteriovenous differences of glucose, lactate, and pyruvate showed no such consistent change.
The mechanism of this increase in arterial lactate and pyruvate is not clear. It seems possible that anoxia of one or several organ systems may be responsible for the lactate and pyruvate changes. Of the systems studied, the heart (4), the splanchnic bed (3) , and the kidneys (17) suffer a decreased blood flow incident to the hypotension of high spinal anesthesia. Evidence has been presented that the hepatosplanchnic oxygen consumption remains unaltered despite a decreased blood flow. The splanchnic bed appears to compensate for the decreased flow by an increased arteriovenous oxygen extraction. The heart, in spite of a decreased oxygen consumption, has a markedly decreased work load and the myocardial oxygen extraction coefficient is not increased. This does not preclude the possible development of an unrecognized oxygen debt. The effects of spinal anesthesia on the renal circulation are more difficult to assess. Recent studies (17) of the effects of high spinal anesthesia in pregnant women point to a decrease in renal plasma flow and an associated increase in renal vascular resistance. No studies of renal oxygen consumption were made. However, earlier studies of spinal anesthesia (18, 19) , in which the anesthetic level was lower, showed no consistent change in renal blood flow. The critical difference between these results appear to be the effect of the spinal anesthetic on the blood pressure. In the former study, hypotension was produced, whereas the blood pressure level in the latter studies was not affected. It is reasonable to assume that when spinal anesthesia is associated with hypotension, as was the case in our studies, a decrease in renal blood flow can occur, and renal anoxemia may occur. This organ may conceivably be the source of the increased lactate and pyruvate levels during the high spinal studies. It is, of course, possible that temporary ischemia of the liver and splanchnic bed, not discernible by short term physiologic studies, may also contribute.
The mechanism of the decreased cerebrovascular resistance during high spinal anesthesia remains obscure. It is unlikely that there was a direct effect on the cerebral vessels, since the anesthetic level was never above T1 and previous studies (20) have shown that bilateral block of the stellate ganglion does not produce a decreased cerebrovascular resistance in normotensive or hypertensive patients. Another mechanism which might decrease the cerebrovascular resistance during high spinal anesthesia is a decrease in the pCO2 or pH of the cerebral tissues. The jugularvenous blood reflects these changes in the cerebral tissues. We have not gathered sufficient data on JEROME KLEINERMAN, SALVATORE M. SANCETTA, AND DONALD B. UIACKEL jugular-venous pH and pCO2 to implicate this mechanism, but it seems unlikely that metabolic local changes in the cerebral tissues of sufficient degree to alter pH or pCO2 could occur in the absence of any change in cerebral oxygen uptake, cerebral blood flow, or jugular venous oxygen content. It is possible that local baroreceptors (21) in the carotid arteries and sinus may produce a reflex vasodilation of the cerebral vessels in response to hypotension.
While these results indicate that there is complete circulatory compensation in the brain during the hypotension of high spinal anesthesia in normotensive persons, it must be emphasized that this response is dependent upon local ability to vasodilate and decrease vascular resistance. Foci with vascular sclerosis or other disease may not be able to compensate completely, and may therefore be liable to ischemia. Since the technique employed gives values only for total cerebral circulation and metabolism, small foci of brain receiving a diminished blood flow may not be detected. CONCLUSIONS 1. The effects of the hypotension induced by high spinal anesthesia on the cerebral circulation and metabolism of 13 subjects have been studied. Nine of these were normotensive and four were hypertensive. A series of six double control studies served for comparison. In the normotensive group given high spinal anesthesia the MABP fell from a prespinal level of 93 to 63 mm. Hg, but the CBF did not decrease significantly, and the CMR 02 was unchanged. The CVR decreased significantly and was responsible for the maintenance of the cerebral blood flow in the face of the 32 per cent decrease in MABP.
In a small group of hypertensive patients, the MABP fell to 50 per cent of the prespinal value during high spinal anesthesia. Suggestive decreases were found in CBF and CVR but the CMR 02 did not appear to change in this group.
2. There were no significant changes in the blood gases and pH in the normotensive group during high spinal anesthesia. The arterial oxygen content, jugular venous oxygen content and oxygen capacity appeared to decrease and the arterial jugular vein oxygen difference to increase in hypertensives during high spinal anesthesia. The arterial pCO2 and arterial CO2 contents showed consistent decreases during spinal anesthesia in the hypertensive patients.
3. The arterial blood lactate and pyruvate were significantly elevated during high spinal anesthesia associated with hypotension. It is suggested that renal or splanchnic ischemia may be responsible for these effects.
